Enhanced glycogen synthase kinase-3beta activity mediates hypoxia-induced apoptosis of vascular smooth muscle cells and is prevented by glucose transport and metabolism.
Hypoxia triggers apoptosis in a number of different cell types largely through a mitochondrial cell death pathway, which can be abrogated for the most part by enhanced glucose metabolism. The purpose of the current study was to identify intracellular signaling mechanisms that mediate hypoxia-induced apoptosis and are regulated by glucose metabolism. Hypoxia-induced apoptosis in vascular smooth muscle cells and COS-7 cells was accompanied by a significant reduction in Akt and glycogen synthase kinase-3 (GSK-3) phosphorylation resulting in increased GSK-3 activity. Morphologic features of apoptosis, as well as caspases 3 and 9 activation, were prevented by GSK-3 inhibition with either LiCl or SB216763. Phosphorylation of Akt and GSK-3 was enhanced by glucose metabolism or overexpression of the glucose transporter, GLUT1, and was prevented by glycolytic inhibition. These findings indicate that GSK-3 is an important mediator of hypoxia-induced apoptosis and that GSK-3-mediated apoptotic effects occur via activation of the mitochondrial death pathway. Moreover, the results suggest that prevention of hypoxia-mediated apoptosis by enhanced glucose transport and metabolism results, in part, from inhibition of GSK-3 activation.